This study was designed to provide normal reference values for the centre-edge angle of Wiberg in the Chinese population by measuring 1494 radiographs according to the criteria of Tönnis. The mean angle was 23.1° (4.7° to 46.4°) in childhood (four to nine years), increasing to 28.9° (6° to 48°) in adolescence (10 to 18 years) and reaching 32.8° (13.7° to 58.8°) in adults. The angle was positively correlated with age, increasing by a mean of 0.78° annually before adulthood and by 0.070° annually in adults. A relative upward tendency after middle age might contribute to degenerative changes. No gender difference was discovered. The change in the angle with age was similar to that observed in other ethnic groups, showing moderate differences in the average of individual age groups, but the ethnic differences are not sufficient to explain the variation of incidence of developmental dysplasia of the hip in different races.
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Anteroposterior pelvic radiography is the most widely used investigation in the diagnosis and assessment of developmental dysplasia of the hip (DDH). The centre-edge angle (CEA), as defined originally by Wiberg, 1 is an indicator of the lateral cover of the femoral head in the coronal plane.
2,3 Whereas Wiberg first determined the normal value of the angle in Caucasian adults, ethnic differences have been observed 4, 5 and these may relate to the different incidence of DDH among races. The Chinese population has a relatively low incidence of DDH, which may be attributable to acetabular depth 6 and in this paper our study of the CEA in the Chinese population is compared with published studies of other races.
Materials and Methods
We selected pelvic radiographs which were taken for routine examination or exclusion of pelvic trauma in our hospital between January 2007 and December 2008. People with known congenital developmental or metabolic abnormalities of the musculoskeletal system were excluded. In total there were 1586 radiographs, of which 1494 (2988 hips) complied with the criteria defined by Tönnis. 7 Standard supine radiographs were taken with a film-focus distance of 110 cm. All were digitalised in a Picture Archiving and Communications System and measured with Siemens Digical Radiograph Workstation (Siemens, Erlangen, Germany) by three orthopaedic surgeons (YYS, TJL, QZ) separately on two occasions three months apart. Statistical analysis. This was performed using S-plus statistical software 15.0 (SPSS, Inc., Chicago, Illinois). Descriptive statistical analysis was used to describe age-specific normal values of the CEA in normal hips. Linear regression analysis was performed to investigate the possibility of the association of this angle with age.
Results
The ethnic distribution is shown in Table I and a comparison made with the publications of the fifth census of the National Bureau of Statistics of China. These are similar, so our study can, to a large extent represent the Chinese population.
The CEA shows an obvious upward tendency with age (Fig. 1a) . When the radiographs are divided into three age groups, the mean CEA is 23.1° (4.7° to 46.4°) in childhood (four to nine years), 28.9° (6° to 48°) in adolescence (ten to 18 years) and 32.8° (13.7° to 58.8°) in adults.
Linear regression analysis indicated that CEA might be correlated with age (p < 0.001), increasing by 0.78° (95% confidence interval (CI), 0.70 to 0.87, p = 0.05) annually from four to 18 years, and by 0.070° (95% CI 0.03 to 0.11, p = 0.05) in adults. Figures 1b and 1c show the relationship of CEA with age in different developmental phases. This correlation can be considered significant in children and adolescents, and gives an estimated formula of this angle at different ages. Whereas in adults these small variations may have statistical significance, their clinical significance is unclear.
Generally, no difference is seen between genders, although in eight age groups these small variations in degrees are statistically significant (p < 0.05, Table II , Fig. 1d ). 
Discussion
As the CEA is clinically significant, it is important to have a detailed knowledge of the normal range among races. Along with the CEA, the acetabular index 8 and Sharp's acetabular angle 9 are frequently used in the assessment of pelvic radiographs. The acetabular index can be measured immediately after birth and used until closure of the triradiate cartilage, 8 after which Sharp's acetabular angle takes its place. 9 These two parameters evaluate the morphology of the acetabulum, whereas the CEA reflects the relationship between the acetabulum and femoral head. 1 The closure of the acetabular cartilage is a barrier that prevents continuous observation with a single parameter. Conversely, the CEA is relevant from childhood to the elderly. As recommended by Tönnis, 7 we only consider children over four years old whose femoral heads have easily definable central ossification. Ignorance of the phenomenon of eccentric ossification may lead to a false assessment of the position of the femoral head.
The variation in the incidence of DDH among races implies a pre-existing ethnic difference in acetabular morphology. 6, [10] [11] [12] As an important parameter of lateral acetabular morphology, the CEA also differs with race. We conclude that the average CEA in Chinese patients at four years is 21.6°, increasing gently until a steep rise from 24.5°t o 31.1° between ten and 14 years, which coincides with the fast remodelling process of the lateral edge of the acetabulum. In adults, we considered most of the angles to be 30°t o 35°. Over the age of 40 the CEA rises moderately, sometimes > 40°, which demonstrates a tendency toward overcover of the femoral head. Based on a study of Caucasian adults, Wiberg 1 first determined normal CEA to be > 25°a nd values < 20° were pathological. Skirving, 4 in a study comparing African adults with Caucasians, found a similar distribution, as did another study 5 from India. Whereas our values for CEA differ slightly, the distribution is similar to that of other races. 1, 4, 5 Although a greater CEA represents a better lateral cover of the femoral head anatomically, it does not necessarily indicate a lower incidence of DDH. Mitchell and Redfern 13 reported a 2.7% incidence of DDH in the United Kingdom, whereas Croft et al 14 noted that the average CEA in the United Kingdom was 36.2°. In comparison, although the Chinese adult population has a relatively smaller CEA, with an average of 32.8°, the incidence of DDH in China is much lower. 6 As far as the incidence of DDH is concerned, the lateral cover of the femoral head as represented by this angle is not sufficient to explain the racial difference. The relationship between the CEA and the incidence of DDH requires further study.
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